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Compression members of thin walled open sections may
buckle in the torsional-flexural mode at loads lower than the
Euler buckling load, because of their low torsional rigidity.
Doubly symmetric sections, loaded eccentrically in the plane
of symmetry, buckle in the torsional-flexural mode when suf-
ficient strength against flexural yielding is provided in the
plane of loading. In singly symmetric sections, the shear
center and centroid do not coincide. When such sections are
loaded in the plane of symmetry, flexural buckling out of the
plane of loading is possible only if the load acts at ttie
shear center. Otherwise, torsional flexural buckling will
take place, provided that the strength of the member against
yielding, due to bending in the plane of loading, is greater.
The torsional-flexural buckling capacity of a member
decreases when the distance between the load and the shear
center increase. This occurs more rapidly when the load is
applied on the open side of the section. Therefore, torsional-
flexural buckling may be the determining factor in the design-
ing of concentrically as well as eccentrically (on the open
side) loaded singly symmetric sections.
Torsional flexural buckling of thin walled singly symmetric
sections has been extensively studied by T. Pek8z and G. Winter
(Report No. 329). Design simplifications for equal end eccen-"
tricities were investigated in detail. The basic differential
equations and their solution by the Galerkin method for the
case of unequal end eccentricities are also given. The purpose
2of the present study is to investigate suitable design formula-
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The above differential equation system is converted to
a set of linear equations by means of the Galerkin method.
Let
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and Zn are v1wat1on,e1genfunct16ns corresponding
3to the nth mode. They are chosen because they satisfy the
boundary conditions. SUbstituting in Eqs. la and b,
"I C Z ivI I {v [(M -Px )Y" + Mo qe;Y"] + <p [1 nn=l 0 n 0 0 n n n 12
(2.a)
m = 1.2•... co = 0 (2.b)
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This is an homogeneous equation system with 2n unknowns,
<P
n
and vn ' A nontrivial solution is possible when its deter-
minant vanishes. This in turn determines the critical values
of P.
Some of the integrations in the equations (2.a) and (2.b)
are modified in Ref. 1 by successive use of integration by
parts. This results in
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4where Aym is the eigenvalue of (y;V_ A
4
ym Ym = 0),
since Ym is a vibration eigenfunction. Then
3. Hinged Ends
Similarly, Azm = wm, hence A = A = wm.ym zm
If v" = 41" = 0 at both ends, then Yn = Zn = sin nwZ; •
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o if n+m even
Substituting, Eq. (3.a) can be written
K 4 4 22 00 2 2
V [-! w m _ P ~] + 2 41 [P(x -e ) w m • 0
m R,2 -2- 2 1 n 0 0 --2- run
+ P·e q K' 2] == 0o run
(m= 1,2, ••• 00)
The integrations involved in Eq. (3.b) give:
(4.a)
11 2= 0 sin m1T!;·dr; 1= 2"
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11 2 2 2= 0 1T m cos m1Tr;·dr;
Substituting the above results into Eq. (3.b) we get:
(m= 1,2, •••00)
In Equations (4.a)' and (4;.b)· .
KX ' xo ' e2, C, C1 , 10 , A are section parameters
(4.b)
6eo is the eccentricity at ~ = 0, and
q is the parameter reflecting the unequal end eccentric-
ities, since r = M1/Mo = e1/eo and q = r - 1.
4. Equal End Eccentricities as a Special Case
Setting q = 0 in (4.a) and (4.b) we get
K n2m4 2 2 2 2
v (x pn2
m ) + <p .p(x -e ) n2m = 0m 122 0 0
2 22 2 Cln m
v • P (x -e ) n m2 + <pm[ ( 2 + C)moo R,
122
-pea e + -£)]~ = 02 0 A 2
Using the same abbreviations as in Ref. 1.
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where r 2 = f3 2eo + I /A0 0
10 = Ix + I y + A x0
2 (polar mom. of inertia
about the shear center)
+ <Pm p a~ = 0 (5.a)
(5.b)
(m = 1,2, ••• m)
7where a' = Xo ex 0
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Observing Eq. (5.a) and (5.b), we see that the coef-
ficients of vn and <Pn have vanished. Then the determinant
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It can be shown that this determinant is equal to the
products of the 'subdeterminants'(indicated by dotted lines
above) •
The critical load is the lowest value of P which makes
the determinant zero. This is obtained by equating the sub-
determinant for m=l, to zero. Hence, the critical load will
be the same regardless of the number of terms which are con-
sidered in the series
The subdeterminant for mel coincides with the result ob-
tained in Ref. 1. Therefore (for the hinged ends) the solu-
restated with minor modifications.
8
tion for equal end eccentricities by Pek8z is not an approxi-





sin m~~, 2m = ~msin m~~ into the differential
equation of the problem.
5. Approximation for Unequal End Eccentricities Using the
Single-Term Expressions v = vIsin ~~, ~ = ~I' sin~t
Before writing the determinant for this case, equations
(4.a) and (4.b) are
Kx~2m2 2 2 ~ ~2m2
vm [ -t~2~- - P] m~ + t ~n[P(xo~eo) ~ '~nm
+ Pe q K 2] = 0o nm
For m=1 these equations become:
K ~2 ~2 2 2
vI [~2 - P -J ~ + ~l[P(xo-eo) ~2 + P eoq(- *-)] = 0
2
2 2 [CI~
vI [P(xo-eo) ~2 + P eo q (-~)] + ~I [(~ + C) - P 62 eo
PI 2 ~2 ]




Comparing Eqs. (6.a) and (6.b) qith Eqs. (S.a) and (S.b)
for equal end eccentricities, we see that we have "eo(1+q/2)"
instead of "eo". The term "e = e (1+q/2)" can be consideredq 0




e e +e(1 + r 21) = ~ (l+r) = O2 1
Therefore, using one term of the series is identical with
using the average of the eccentricities at the top and bottom
as an Jlequivalent" equal end eccentricity. We can observe
from Table I that this approximation is very good for r ~ 0.50.
It is also satisfactory for O.S > r > 0.0. Hence, being simple
and sufficiently accurate, Eq. 7 is well suited for design
purposes when r > 0.0.
6. Convergence of the Series Solution
As mentioned before, the critical value of P is found by
equating the determinant of the homogeneous equation system
to zero. If the determinant were opened, it would yield a
polynomial in P, whose order is equal to the number of the
series terms taken into consideration. Then the problem is
reduced to finding the smallest positive root of this polynomial.
A computer program for hat sections was prepared to com-
pute the coefficients of the exact polynomial, obtained by
10
considering a certain number of the series terms. Then its
roots were determined with an accuracy of four decimal places.
Numerical results are given in Table I. It can be ob-
served that more terms are needed in the case of opposite end
eccentricities in order to get convergence to the exact solu-
tion. However, a good approximation can be obtained by taking
v = vl sin ~~, ~ = ~l sin~~ + sin 2~~
7. Approximation for Unequal End Eccentricities using vl ' ~l' ~2
Using one term for v and two terms for ~, the determinant
for this case is written directly from Eq. (6.a), Eq. (6.b), and
the definitions of Knm2 , K~m2 and Knm3 as given on pages 4 and 5.
K 2 2x~ ~(-2- - P) -2
R,
2p(xo-eo(1+~»~2 8-Pe q9 0
P(xo-eo (l+~»
I
8 I 209 P eo q: -g Pa2eoq
(8)
This determinant gives a polynomial of third degree in
P. As mentioned before, the smallest root of this polynomial
will give a close approximation to the torsional flexural
buckling load.
A computer program was developed to compute the torsional




b) Lipped channel sections
c) Channel sections
d) Angle sections
e) Lipped angle sections
f) Singly symmetrical I-sections
g) I-sections
h) T-sections
Numerical examples are given in Tables III where the
torsional flexural buckling load is called PTe All these
examples have the following common features:
(1) The slenderness ratio ~/rx is 90 and 150 except for
angle sections where ~/rx is 30 and 60.
(2) The positive eccentricity eo is taken equal to 1/2 xo '
xo '
3/2 Xo where Xo is the distance between the shear center
and the centroid,
8, Specification formula
The Table III shows also the torsional flexural buckling
load Pc' which is predicted by the AISI Specification inter-
action formula.
= 1 where CTF = 0.6 + 0.4 Ml/Mo
without lower limit
The difference between PT and Pc is given as a percentage
of PT , in the same tables.
Here it should be pointed out that the code formula has
1the magnification factor I-PIP , to account for the precritical
ye
12
deformations, whereas the series solution does not include
such considerations. Therefore, the code formula may not be
p -P
as conservative as indicated by the" T c" values in TablePT
III. However, this statement is not equally valid over the
whole range of r, because, precritical deflections will not
reduce the torsional flexural buckling load PT to the same
extent for reversed bending as for the case of equal end
eccentricities. Thus using the same magnification factor of
1I-PIP will be on the safe side.
ye
In the code formula, the eccentricity e (i.e. eo in the
notation of this report) is multiplied by the factor CTF to
consider the unequal end eccentricities. This approximation
will be discussed in detail later on.
9. "Equivalent" Equal End Eccentricities
The determinant for the case of equal end eccentricities
is repeated below:
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After sUbstituting the torsional flexural buckling load
PT (from the series solution for unequal end eccentricities)
for P, Eq. 11 yields the corresponding "equivalent" equal end
eccentricity, ex. Dividing ex by eo' a dimensionless factor
CTI is obtained. Typical curves, showing how CTI varies with
r, are given on Figure I. As r approaches + 1.0, CTI approaches
the line
e +e el+eoCTI =~ (l+r) = ~eoo eq = eo CTl= 2
We may recall that the same was obtained for eq , by taking one
term of the series. Thus a comparison of the line ~ (l+r)
with the curves for CTI gives an idea about the accuracy of
one term approximation as well as about the range where this
approximation may be used for design purposes. As r decreases
CTI versus r becomes more and more curvilinear.
The values of CTI at r = -1 will be called CTI • It can
be observed in Table IV that CTI increases with eo/(-xo) and
t/r
x
except for angle section, where it decreases with t/r
x
•
Angle sections differ from the other shapes also by having
the greatest CTI values. This behavior mainly results from
the fact that the warping constant of an angle section is zero.
Comparing the warping constants of different examples we can
conclude that CTI decreases with increasing Cwo
The procedure for obtaining CTI from Eq. 11 was suitable
for programming but it is not so for hand computations, because
one needs to know PT in order to utilize Eq. ll~ Therefore,
a closed formula for CTl , i.e. CTI at r = -1 will be derived
in the following. Setting q =-2, Eq. 8.yields with
EC
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2A 2
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x Pi1 P
can be approximated by R = r ~ p.
x x
Then:
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1 - P' _p (32 ex r-
~l 0
(16)
The eccentricity ex in Eq. 16, must be equal to the
"equivalent" eccentricity. Thus
ex - C' eo = Crrl • K· (-x )- Tl· 0












Comparison of Eqs. 12 and Eqs. 18 yields
(1 + C' K)2Tl
(1 + C' K)2Tl (19)
In Eq. 19, T and n still involve P. This will be elimi-
nated using the following interaction equation.
e C' K (-x )
1 _ --!- + x_ = 1_ + Tl 0 (20)P - PTFO Merl PTFO Merl
P' P' pi
eo= :.1! = --=...il. + C' K (-x) ....:..ll (21)P PTFO T1 0 Merl













When Eqs. 22 and 23 are substituted into Eqs. 21
~-1 =(R+l -1 - KR 2) 1 KR + A CT'I K(R+l) 1 + ----~(R+l)2
Since KR «1
(R+l)2
~-1 = R(1 - K ) + A CT'1 K(R+l)2
where
H = 1 __..;;;;K;;.....,.,. = 1 _ 1 (1 _ x 2 L)
(R+l)2 (R+l)2 0 I o
(24)
Substituting Eqs. 24 into Eqs. 17
n=I_=-:-:;l~_
t-l - RH+ACTIK
Now T will be obtained in a similar manner
(26)
18
- P TT=-T=-P~l ~
Here ~ will be approximated by
~ = 1 + A CT1 I<:
instead of Eq. 24. Then
-l- = T(l +X CT11<:)
l:-T 1 + ACT1 I<:-T
When nand -!- ~re substituted from Eqs. 25 and Eqs. 26
1-T"
into Eqs. 19:
~ 't" (1 + ACT1 1<:) A CT1 I<:
[R (l-T + ACT1d + 1][1 - RH+X C
T1
1<: ] = (l+C' 1<:)2T1 (27)
when T;' 1
= RH + (2RH + RH + 1) C
T1A 1-T
+ (RH + -!- + 2RH 2) 02
X2 1-T {l-T)X + I T1
RH 1 2 -3





Since CT1 is smaller than unity, the terms with cTi and
-llCT1 may be neglected. Then:
C-2
T1 [ RH + 2 + -L (2RH + ).)]
).2 1-T
C
+ Tl(2RH + ). _ :BHK2 ~)-BHK2 .-!- = 0 (30)). 1-T 1-T
or with Cf T1











The coefficients "a" and "c n depend on the geometry of







K which accounts for the eccentricity since




For this case Eq. 28 becomes
= CTIRH + (1 + 2 RH) C 2A Tl
-4
2 RH 3 CTI(r + A2) CTI + ~ (35)
Neglecting the terms with cTi and cTi and substituting
C' 2 (A + 2RH) A~ - BHA 1<:3 C
rrl - BHI<:2 = aTl
2 ) BH _Crrl (A + 2RH - BH I<:CTI - r- - a
(36)
(37)
In deriving Eq. 31, various approximations were made.
To give an idea about its accuracy the values of CTI are
computed by Eq. 31 as well as Eq. 11 for the hat sections
listed in Ref. 3 for I<: = 1.0 and given in Table IX.
Calculating C
rrl from Eq. 31 is quite time consuming. A
simpler procedure will be discussed next.
Figure III shows CTI versus T, i.e. P~1/P~2 for three
hat sections of Ref. 3 when I<: = 1.0. It can be observed that
there is a certain correlation between CTl and T. Although
T is not the only parameter which affects CT1 , it seems to
21
reflect the influence of the warping constant, the Saint-
venant torsion constant and the length of the member. (Note
that for Cw = 0, T = 1 and for very small values of GJ it
approaches 0.25. It increases with L, GJ but decreases with
ECw)' For design purposes it seems reasonable to approximate
CTI versus T with a line through the origin. The slope of
this line has been computed for 122 sections consisting of 44
hats, 40 lipped channels, 29 channels and 9 lipped angles
which are listed in Ref. 3. The parameter L/r was changed
from 30 to 150 in increments of 30 and K was taken 0.5, 1.0
and 1.5. The average values of the slopes are given in Table X.
They suggest taking
for K = 0.5
for K = 1.0




After CTI is found by Eqs. 31 or 38, CTI can be found
using the following two lines
CTI = 0.5 + 0.5r for 0 < r < 1
As we observe on Fig. IIA, Eq. 39a and 39b are very
close approximations for CTI if CTI has been found accurately.
However it is also possible to give only one equation for CTl
22
valid over -1 < r < 1 as below:
(40)
This is somewhat more conservative than Eqs. 39a and 39b
but satisfactory for practical purposes.
10. Comparison of CTF and CTl :
If we substitute 0.2 for CTl , CTI in Eq. 40 becomes
identical with CTF , i.e. the equivalent eccentricity factor
used in the code formula. Using a constant value for CTI
simplifies the computations although it results in a reduction
of accuracy.
Taking 0.2 for CTI is conservative for most of the cases.
Table IX can be helpful for checking this. Here CTI values
for hat sections in Ref. 3 are given for L/r
x
= 30 + 150 and
for K = 1.0. It can be observed that for the majority of the
cases CTI is less than 0.2. Furthermore the values larger
than 0.2 are not critical since for those cases, in general,
yielding rather than torsional flexural buckling governs, as
indicated in the table cited.
Computed examples in Table V and Fig. I for other sections
have also shown that approximating CTI by 0.2 is conservative
except for combinations of large values of L/r
x
and K with
small values of the warping constant Cwo For the examples
given in this report only angle sections display CTI values
considerably greater than 0.2. Yet for angle sections of
usual proportions, the yield load is so low that torsional
23
flexural buckling does not occur. (crYd = 50 ksi was taken to
compute the yield load).
The discussion up to here was concentrated on the reverse
bending case i.e. r = -1. The comparison of CTF and CTl for
-1 < r < 1 can be made best by observing Fig. I. If CTF is
exact for r = -1, it will be conservative for the intermediate
values, since CTl is curved as shown in the cited figure.
Even if CTF is somewhat unconservative at r = -1, it will soon
become conservative by increasing r, as can be observed on
Fig. I-c for the hat section example.
It can be concluded, therefore, that while CTl is more
exact and might well be used in highly refined design, the
use of CTF in routine design is considerably simpler, satis-
factorily accurate, and safe for all cases that have been
investigated.
11. Summary and Conclusions
A computer program, utilizing the series solution derived
by T. Pekoz in Ref. 1, was prepared. The program includes:
a) Channel sections
b) Lipped channel sections
c) Hat sections
d) Angle sections
e) Lipped angle sections




Hinged boundary conditions, i.e. v" = ¢" = 0 are assumed
at both ends.
The main parameter of the problem is r = Ml/Mo ' where
Mo is a moment causing tension on the shear center side of
the section. The parameter r is varied between +1 and -1,
in increments of 0.25.
It is found that the torsional flexural buckling load of
a section with unequal end eccentricities increases continuous-
ly with decreasing r. For the range of r given above, it will
not be greater than the concentric torsional flexural buckling
load. However, compared with the torsional flexural buckling
load for equal end eccentricities, the increase in the capacity
is very substantial. The amount of this increase depends not
only on r but also on the value of the eccentricity eo. If
eo 1s very small, the torsional flexural buckling loads for
equal as well as unequal end eccentricities are close to the
concentric buckling load; consequently they are not very
different from each other. Yet, when eo is increased, the
difference between them also increases, because the former
(equal e) drops more rapidly than latter (unequal e). This
can be observed on Table IV, as well as on Figure III.
It would be tedious to calculate the torsional flexural
buckling load for unequal end eccentricities directly by
solving PT from the corresponding determinant. On the other
hand relatively simple design procedures have been developed
for equal end eccentricities. Therefore it is desirable to
convert the case of unequal eccentricities to that of equal
25
eccentricities. For this purpose, a factor CTI was defined
which gives the equivalent equal eccentricities when multi-
plied by eo. This factor can be calculated approximately by
Eqs. 39 or 40 after CTI is found by Eq. 31 or 38.
It was also investigated whether or not the code formula
concerning torsional flexural buckling of singly symmetric
sections for equal end eccentricities can be modified by the
same factor (C = 0.6+ 0.4Ml /M and C > 0.4) as it is donemom -
for doubly symmetric sections. Computed examples to date
have shown that this would be too conservative. Using the
factor CTF , i.e. Cm without the lower limit of 0.4 gave more
satisfactory results. This can be seen on Fig. I, where CTl ,
CTF and Cm are shown. The difference between CTF and CTI
is generally small for r > O. The maximum difference is
expected between r = -0.5 and r = -1 because of the curvature
of CTI •
Observing Fig. I, we can also conclude that CTF will be
conservative for -1 < r < 1 if it is conservative ar r = -1.
Table IX is helpful for checking this. Here the values of
CTI is given for the hat sections listed in Ref. 3 for
L/r
x
= 30 + 150 and K = 1.0. It can be seen that most of
them are less than 0.2 which is the value of CTF at r = -1.
From the computed examples, only angle sections have shown
CTI values which are considerable greater than 0.2. However,
they should not be regarded as critical since yielding and
not torsional flexural buckling is the mode of failure for
this type of section.
26
In conclusion we can say that CTF is generally conserva-
tive for singly symmetric sections of usual proportions un-
less great values of K and L/r
x
are combined with small
values of warping constant. The main advantage of CTF is
its simplicity. However, when it is desired to calculate
the torsional flexural buckling load more accurately, CT1
from Eq. 39 or 40 (with CT1 from 31 or 38) should be used
instead of CTF •
27
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TABLE I: Convergence of the Series Solution for Torsional Flexural
*Buckling Load for Hat Section • (in kips)
n
v
n 41 r=1.0 r=0.75 r=0.50 r=0.25 r=O.O r=-0.25 r=-0.50 r=-0.75 r=-1.00
1 1 3.406 3.727 4.115 4.593 5.196 5.979 7.038 8.547 10.862
2 1 " " 4.114 4.590 5.188 5.961 6.996 8.446 10.6003 1 " " " " " " " " "
1 2 1t 3.723 4.089 4.514 5.005 5.567 6.206 6.928 7.744
2 2 " " 4.087 4.507 4.989 5.535 6.149 6.835 7.602
3 2 " " " " " IT 6.148 6.833 7.598
2 3 " " " " 4.987 5.528 6.128 6.781 7.484
3 3 " " " " " 5.527 6.127 6.779 - 7.478
2 4 " " " " 4.986 5.526 6.124 6.774 7.469
3 4 " " " " " " 6.123 6.771 7.463
2 5 IT " " fl " " 6.124 6.773 7.468
3 5 " " " " " " 6.123 6.771 7.462
nv = Number of series terms considered for deflections v.
n 41 = Number of series terms considered for deflections 41.















Moment of Inertia Ix 5.170
. 4l.n
Moment of Inertia I 4.469 in4y




TABLE III-A: Torsional Flexural Buckling Load with Series Solution
and with Code Formula, and their Comparison
(Example for Lipped Channel Section)
Length eo r 1.00 0.15 0.50 0.25 0.00 -0.25 -0.50 -0.15 -1.00
PT 10.914 11.495 12.134 12.838 13.617 14.481 15.440 16.501 11.695
2.015" Pc 9.967 10.401 10.819 11.409 12.002 12.671 13.435 14.321 15.365
PT-PC 8.7% 9.5% 10.3% 11.1% 11.9% 12.5% 13.0% 13.2% 13.2%PT
PT 7.750 8.354 9.048 9.851 10.786 11.878 13.159 14.662 16.421
148.1" 4.029" Pc 1.103 7.528 8.011 8.565 9.209 9.961 10.879 12.002 13.435
PT-PC 8.4% 9.9% 11.5% 13.1% 14.6% 16.1% 17.3% 18.1% 18.2%PT
11.2121 12.7071 14.41S1
PT 6.002 6.553 7.203 7.975 8.901 10.016 (11.362)(12.983)(14.923)
6.044" Pc 5.554 5.940 6.387 6.908 1.528 8.278 9.209 10.401 12.002
PT-PC 17.9% 18.1% 16.7%
PT
1.5% 9.3% 11.3% 13.4% 15.4% 17.3% (19.0%) (19.9%) (19.6%)
PT:
Pc:
Torsional-flexural buckling load by series solution (three terms are used except when
indicated by *, where more than three terms are taken until convergence).
Torsional-flexural buckling load by AISI Code formula, taking CTF = 0.6 + 0.4 Ml/MO.
TABLE III-A, cont.
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
PT 5.425 5.699 5.999 6.326 6.683 7.075 7.504 7.973 8.487
2.015" Pc 4.788 4.989 5.211 5.457 5.733 6.045 6.403 6.821 7.321
PT-Pc 11.7% 12.5% 13.1% 13.7% 14.2% 14.6% 14.7% 14.5% 13.7%PT
PT 3.900 4.194 4.529 4.911 5.350 5.854 6.433 7.097 7.856
246.9" 4.029" Pc 3.456 3.655 3.880 4.138 4.437 4.788 5.211 5.733 6.403
PT-Pc 11.4% 12.9% 14.3% 15.7% 17.1% 18.2% 19.0% 19.2% 18.5%PT
5.4711 6.106 1 6.310·
PT 3.039 3.311 3.629 4.002 4.441 4.959 (5.569) (6.284) (7.119)
6.044" Pc 2.728 2.910 3.120 3.365 3.655 4.004 4.437 4.989 5.733
PT-Pc 18.9% 18.3% 15.8%
PT
10.2% 12.1% 14.0% 15.9% 17.7% 19.2% (20.3%) (20.6%) (19.5%)
TABLE IV-A: Comparison of Torsional Flexural Buckling Load for
Unequal End Eccentricities PT with PTFO and PTF
(Example for Lipped Channel Section)
Length eo r 1.00 0.15 0.50 0.25 0.00 -0.25 -0.50 -0.15 -1.00
a 0.599 0.631 0.666 0.104 0.141 0.195 0.841 0.906 0.911
2.015" a 1.000 1.053 1.112 1.116 1.248 1.321 1.415 1.512 1.621
148.1" a 0.425 0.458 0.491 0.541 0.592 0.652 0.122 0.805 0.901
4.029" a 1.000 1.018 1.161 1.211 1.392 1.533 1.698 1.892 2.119
a 0.329 0.360 0.395 0.438 0.488 0.550 0.623 0.112 0.819
6.044" a 1.000 1.092 1.200 1.329 1.483 1.669 1. 893 2.163 2.481
a 0.620 0.651 0.685 0.723 0.164 0.808 0.851 0.911 0.970
2.015" a 1.000 1.051 1.106 1.166 1.232 1.304 1.383 1.410 1.565
246.9" a 0.446 0.419 0.511 0.561 0.611 0.669 0.135 0.811 0.898
4.029 a 1.000 1.015 1.161 1.259 1.312 1.501 1.649 1.820 2.014
a 0.341 0.318 0.415 0.451 0.501 0.561 0.636 0.118 0.813
6.044" a 1.000 1.090 1.194 1.311 1.461 1.632 1.833 2.068 2.343
a • PT/PTFO where PT = Torsional-flexural buckling load for unequal end eccentricities.
PTF = Torsional-flexural buckling load for equal end eccentricities.
a = PT/PTF PTFO = Concentric torsional-flexural buckling load.
TABLE V-A: Ratio of Equivalent (equal) End Eccentricity to eo
(Example for Lipped Channel Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
2.015" 1.000 0.875 0.752 0.630 0.509 0.390 0.273 0.158 0.046
148.1" 4.029 11 1.000 0.876 0.753 0.633 0.515 0.400 0.289 0.183 0.083
6.044 11 1.000 0.876 0.754 0.634 0.518 0.407 0.301 0.202 0.111
CT1
2.015 11 1.000 0.876 0.752 0.631 0.511 0.393 0.277 0.163 0.052
246.9" 4.029" 1.000 0.876 0.754 0.634 0.518 0.405 0.297 0.193 0.095
6.044" 1.000 0.876 0.755 0.637 0.523 0.414 0.311 0.215 0.127












x. '" - 3. ODS"
y
Area l.S8~ in2
Moment of Inertia I ~.6lS in~
x
Moment of Inertia I 2.721 in~y
St. Venant tors. const. J: 0.096 in~
Warping constant Cw 7.268 in
6
TABLE III-B: Torsional-Flexural Buckling Load with Series Solution
and with Code Formula, and their Comparison
(Example for Channel Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
PT 7.283 7.681 8.117 8.595 9.120 9.697 10.331 11.026 11.788
1.504" Pc 6.559 6.850 7.172 7.532 7.936 8.395 8.923 9.543 10.286
PT-Pc 10.0% 10.8% 11.6% 12.4% 13.0% 13.4% 13.6% 13.5% 12.7%PT
PT 5.134 5.540 6.002 6.531 7.135 7.825 8.611 9.500 10.502
153.6" 3.008 Pc 4.653 4.934 5.254 5.622 6.051 6.559 7.172 7.936 8.923
PT-Pc 9.4% 10.9% 12.5% 13.9% 15.2% 16.2% 16.7% 16.5% 15.0%p--T
7.202* 8.015* 8.897*
PT 3.962 4.328 4.756 5.255 5.838 6.516 (7.299) (8.198) (9.225)
4.512 Pc 3.633 3.887 4.180 4.524 4.934 5.431 6.051 6.850 7.936




Torsional-flexural buckling load by series solution (three terms are used except when
indicated by *, where more than three terms are taken until convergence).
Torsional-flexural buckling load by AISI Code formula, taking CTF = 0.6 + 0.4 Ml/Mo.
TABLE III-B, cant.
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
PT 4.689 4.926 5.182 5.457 5.754 6.074 6.417 6.784 6.178
1.504" Pc 3.883 4.044 4.223 4.423 4.649 4.908 5.211 5.573 6.025
PT-Pc 17.2% 17.9% 18.5% 18.9% 19.2% 19.2% 18.8% 17.9% 16.1%PT
PT 3.367 3.620 3.902 4.218 4.568 4.956 5.384 5.856 6.378
256.1" 3.008 Pc 2.822 2.980 3.159 3.364 3.602 3.883 4.223 4.649 5.211
PT-Pc 16.2% 17.7% 19.1% 20.2% 21.2% 21.6% 21.6% 20.6% 18.3%PT
4.454* 4.847* 5.258*
PT 2.622 2.853 3.121 3.423 3.763 4.146 (4.573) (5.052) (5.393)
4.512 Pc 2.243 2.388 2.555 2.750 2.980 3.258 3.602 4.044 4.644
PT-Pc 19.1% 16.6% 11.6%
PT
14.5% 16.4% 18.1% 19.7% 20.8% 21.8% (21.2%) (19.9%) (16.9%)
TABLE IV-B: Comparison of Torsional Flexural Buckling Load for
Unequal End Eccentricities PT with PTFO and PTF
(Example for Channel Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
a 0.586 0.619 0.654 0.692 0.734 0.781 0.832 0.888 0.949
1.504 i' a 1.000 1.055 1.114 1.180 1.252 1.331 1.418 1.514 1.618
153.6" a 0.413 0.446 0.483 0.526 0.575 0.630 0.693 0.765 0.846
3.008 11 a 1.000 1.079 1.169 1.272 1.390 1.524 1.677 1.850 2.045
a 0.319 0.349 0.383 0.423 0.470 0.525 0.588 0.660 0.743
4.512" a 1.000 1.093 1.200 1. 327 1. 474 1.645 1. 843 2.069 2.329
a 0.619 0.650 0.684 0.720 0.759 0.802 0.847 0.895 0.947
1.504" a 1.000 1.051 1.105 1.164 1.227 1.295 1.369 1.447 1.531
256.1" a 0.444 0.478 0.515 0.557 0.603 0.654 0.711 0.773 0.842
3.008 11 a 1.000 1.075 1.159 1.252 1. 356 1.472 1.599 1.739 1.894
a 0.346 0.377 0.412 0.452 0.497 0.547 0.604 0.667 0.738
4.512" a 1.000 1.089 1.190 1.305 1.435 1.581 1. 744 1. 927 2.133
a = PT/PTFO where PT = Torsional-flexural buckling load for unequal end eccentricities.
PTF = Torsional-flexural buckling load for equal end eccentricities.
a = PT/PTF PTFO = Concentric torsional-flexural buckling load.
TABLE V-B: Ratio or Equivalent (Equal) End Eccentricity to e
0
(Example for Channel Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
1.504" 1.000 0.876 0.754 0.633 0.513 0.401 0.289 0.181 0.077
153.6" 3.008" 1.000 0.876 0.755 0.638 0.525 0.417 0.315 0.219 0.131
4.512" 1.000 0.876 0.756 0.641 0.531 0.427 0.332 0.244 0.155
CTl
1.504" 1.000 0.876 0.755 0.636 0.521 0.409 0.300 0.195 0.093
256.1" 3.008" 1.000 0.877 0.758 0.643 0.534 0.431 0.333 0.242 0.156
4.512" 1.000 0.877 0.759 0.648 0.543 0.445 0.355 0.212 0.194
















Moment of Inertia Ix 6.860 in
~
Moment of Inertia I y
. ~.~69 in~.
St. Venant tors. const.J: 0.012 in~
Warping constant Cw 8.515 in
6
TABLE III-C: Torsional Flexural Buckling Load with Series Solution
and with Code Formula, and their Comparison
(Example for Hat Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
PT 6.295 6.643 7.024 7.441 7.897 8.396 8.941 9.543 10.178
1.734" Pc 5.885 6.150 6.441 6.765 7.127 7.535 8.000 8.537 9.163
PT-PC 6.5% 7.4% 8.3% 9.1% 9.8% 10.3% 10.5% 10.5% 9.9%PT
PT 4.422 4.773 5.172 5.625 6.139 6.719 7.370 8.097 8.905
170.6" 3.468" Pc 4.148 4.405 4.697 5.033 5.423 5.885 6.441 7.127 8.000
PT-PC 6.2% 7.7% 9.2% 10.5% 11.7% 12.4% 12.6% 12.0% 10.2%PT
6.123* 6.771* 7.463*
PT 3.406 3.723 4.089 4.514 5.003 5.564 (6.200) (6.918) (7.729)
5.203" Pc 3.220 3.450 3.717 4.031 4.405 4.858 5.423 6.150 7.127
PT-PC 11.4% 9.2% 4.5%
PT
5.5% 7.3% 9.1% 10.7% 12.0% 12.7% (12.5%) (11.1%) (7.8%)
PT :
Pc:
Torsional-flexural buckling load by series solution (three terms are used except when
indicated by *, where more than three terms are taken until convergence).
Torsional-flexural buckling load by AISI Code formula, taking CTF = 0.6 + 0.4 M1/Mo.
TABLE III-C, cont.
Length e r 1.00 0.15 0.50 0.25 0.00 -0.25 -0.50 -0.15 -1.000
PT 4.352 4.519 4.823 5.085 5.365 5.665 5.984 6.324 6.685
1.134" Pc 3.820 3.984 4.166 4.368 4.596 4.856 5.155 5.508 5.935
PT-PC 12.2% 13.0% 13.6% 14.1% 14.3% 14.3% 13.9% 12.9% 11.2%PT
PT 3.101 3.331 3.599 3.887 4.204 4.549 4.924 5.333 5.182
284.4 11 3.468 n Pc 2.140 2.900 3.082 3.291 3.533 3.820 4.166 4.596 5.155
PT-Pc 11.6% 13.1% 14.4% 15.3% 16.0% 16.0% 15.4% 13.9% 10.8%PT
4.013 4.355 4.665
PT 2.405 2.621 2.864 3.135 3.435 3.165 (4.129) (4.533) (4.987)
5.203" Pc 2.156 2.302 2.410 2.661 2.900 3.183 3.533 3.984 4.596
PT-PC 12.0% 8.1% 1.5%
p- 10.4% 12.2% 13.1% 14.9% 15.6% 15.5% (14.4%) (12.1%) (7.8%)
T
TABLE IV-C: Comparison of Torsional-Flexural Buckling Load for
Unequal End Eccentricities PT, with PTFO and PTF
(Example for Hat Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
a 0.580 0.612 0.647 0.685 0.727 0.773 0.823 0.878 0.937
1.734" a 1.000 1.055 1.116 1.182 1.254 1.334 1.420 1.515 1.617
170.6 11 a 0.407 0.439 0.476 0.518 0.565 0.619 0.679 0.745 0.820
3.468" a 1.000 1.079 1.170 1.272 1.388 1.520 1.667 1.831 2.014
a 0.314 0.343 0.376 0.416 0.461 0.512 0.571 0.637 0.712
5.203" a 1.000 1.093 1.201 1. 325 1.469 1.633 1.820 2.031 2.269
a 0.604 0.635 0.669 0.706 0.744 0.786 0.830 0.877 0.)28
1.734" a 1.000 1.052 1.108 1.168 1.233 1.302 1.375 1.453 1.536
284.4" a 0.430 0.463 0.499 0.539 0.583 0.631 0.683 0.740 0.802
3.468/1 a 1.000 1.076 1.161 1.254 1.356 1.467 1.588 1.720 1.865
a 0.334 0.364 0.397 0.435 0.477 0.522 0.573 0.629 0.692
5.203" a 1.000 1.090 1.191 1.303 1.428 1.566 1.717 1.885 2.074
a = PT/PTFO where PT = Torsional-flexural buckling load for unequal end eccentricities.
PTF = Torsional-flexural buckling load for equal end eccentricities.
a = PT/PTF PTFO = Concentric torsional-flexural buckling load.
TABLE V-C: Ratio of Equivalent (equal) End Eccentricity to e
0
(Example for Hat Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
1.734" 1.000 0.876 0.754 0.635 0.519 0.407 0.298 0.193 0.093
170.6" 3.468" 1.000 0.876 0.756 0.641 0.530 0.425 0.327 0.236 0.152
5.203" 1.000 0.877 0.758 0.644 0.537 0.437 0.345 0.262 0.187
CT1
1.734" 1.00 0.877 0.756 0.640 0.528 0.419 0.316 0.216 0.121
284.4" 3.468 11 1.000 0.877 0.7nO 0.649 0.544 0.446 0.355 0.270 0.190
5.203" 1.000 0.878 0.762 0.654 0.554 0.462 0.378 0.300 0.227








Area 0.5245 . 2l.n
Moment of Inertia Ix 0.3298 in
4
Moment of Inertia I y 0.0825 in
4




TABLE III-D: Torsional-Flexural Buckling Load by Series Solution
and by the Code Formula with their Comparison
(Example for Angle Section)
Length e r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.000
PT 15.989 16.707 17.311 17.907 18.526 19.182 19.880 20.629 21.433
0.343" Pc 13.368 13.951 14.599 15.326 16.151 17.102 18.219 19.568 21.270
PT-PC 16.4% 16.5% 15.7% 14.4% 12.8% 10.8% 8.4% 5.1% 0.8%PT
PT 11.273 11.938 12.515 13.123 13.785 14.513 15.320 16.220 17.232
23.8" 0.687" Pc 9.588 10.145 10.779 11.507 12.358 13.368 14.599 16.151 18.219
(L/rx PT-Pc 14.9% 15.0% 13.9% 12.3% 10.4% 7.9% 4.7% 0.4% 5 7'"
= 30) PT
- • Jf)
PT 8.702 9.277 9.791 10.349 10.968 11.664 12.452 13.354 14.395
Pc 7.560 8.066 8.651 9.334 10.145 11.130 12.358 13.951 16.151
1.030"
PT-PC 13.1% 13.0% 11.6% 9.8% 7.5% 4.6% 0.8% -4.5% -12.2%PT
PT: Torsional-flexural buckling load by series solution (three terms are used)
Pc: Torsional-flexural buckling load by AISI Code formula, taking CTF = 0.6 + 0.4 M1/MO.
TABLE IV-D: Comparison of PT With PTFO and PTF
(Example for Angle Section)
Length eo r 1.00 0.15 0.50 0.25 0.00 -0.25 -0.50 -0.15 -1.00
a 0.583 0.610 0.632 0.653 0.616 0.100 0.125 0.153 0.182
0.343" B 1.000 1.045 1.082 1.120 1.159 1.200 1.243 1.290 1.340
23.8" a 0.411 0.436 0.451 0.419 0.503 0.530 0.559 0.592 0.629
0.681" B 1.000 1.059 1.110 1.164 1.223 1.281 1.359 1.439 1.529(L/r:"' "30)
x a 0.318 0.339 0.351 0.318 0.400 0.426 0.454 0.481 0.525
1.030;1 B 1.000 1.066 1.125 1.189 1.260 1.340 1.431 1.534 1.654
a = PT/PTFO where PT = Torsional-flexural buckling load for unequal end eccentricities.
PTF = Torsional-flexural buckling load for equal end eccentricities.
B = PT/PTF PTFO = Concentric torsional-flexural buckling load.
TABLE V-D: Ratio of Equivalent (equal) End Eccentricities to e •
0
(Example for Angle Section).
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
0.343" 1.000 0.897 0.817 0.744 0.672 0.601 0.531 0.461 0.391
CTI 23.9" 0.687" 1.000 0.906 0.832 0.761 0.691 0.622 0.552 0.483 0.414
1.030" 1.00 0.909 0.837 0.767 0.698 0.629 0.560 0.491 0.422








Area 1.568 . 2l.n
Moment of Inertia I ~.907 in..
x
Moment of Inertia I 2.203 in~y






Torsional-flexural buckling load by series solution (three terms are used except when
indicated by *, where more than three terms are taken until convergence).
Torsional-flexural buckling load by AISI Code formula, taking CTF = 0.6 + 0.4 MlIMO•
TABLE III-E, Cont.
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
PT 5.077 5.327 5.595 5.884 6.194 6.526 6.883 7.268 7.670
1.391" Pc 3.880 4.033 4.202 4.391 4.605 4.852 5.142 5.494 5.945
PT-PC 23.6% 24.3% 24.9% 25.4% 25.6% 25.7% 25.3% 24.4% 22.5%PT
PT 3.674 3.944 4.245 4.580 4.952 5.362 5.815 6.313 6.862
265.3" 2.781" Pc 2.872 3.023 3.194 3.389 3.614 3.880 4.202 4.605 5.142
PT-PC 21.8% 23.3% 24.8% 26.0% 27.0% 27.6% 27.7% 27.0% 25.1%PT
4.8301 5.247* 5.683*
PT 2.872 3.124 3.410 3.734 4.098 4.507 (4.963) (5.474) (6.050)
4.172 11 Pc 2.312 2.453 2.615 2.803 3.023 3.288 3.614 4.033 4.605
PT-PC 25.2% 23.1% 19.0%
PT
19.5% 21.5% 23.3% 24.9% 26.2% 27.0% (27.2%) (26.3%) (23.9%)
TABLE IV-E: Comparison of PT with PTFO and PTF
(Example for Lipped Angle Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
(l 0.595 0.627 0.661 0.700 0.741 0.787 0.837 0.892 0.951
1.391" a 1.000 1.053 1.112 1.176 1.246 1.323 1.407 1.498 1.599
(l 0.422 0.455 0.492 0.535 0.583 0.638 0.701 0.771 0.851
159.2" 2.781" a 1.000 1.078 1.166 1.267 1.382 1.512 1.661 1.828 2.016
(l 0.327 0.356 0.391 0.432 0.479 0.533 0.596 0.668 0.750
4.172 a 1.000 1.091 1.198 1.322 1.466 1.633 1.825 2.045 2.295
(l 0.630 0.661 0.694 0.730 0.768 0.809 0.854 0.901 0.951
1.391" a 1.00 1.049 1.102 1.159 1.220 1.285 1.356 1.431 1.511
(l 0.456 0.489 0.526 0.568 0.614 0.665 0.721 0.783 0.851
265.3" 2.781" a 1.000 1.073 1.155 1.247 1.348 1.460 1.583 1.718 1.868
(l 0.356 0.387 0.423 0.463 0.508 0.559 0.616 0.679 0.750
4.172" a 1.000 1.088 1.187 1.300 1.427 1.569 1.728 1.906 2.107





a = PT/PTF PTFO : Concentric tors.-f1ex. buckling load.
TABLE V-E: Ratio of Equivalent (equal) End Eccentricities to e
0
(Example for Lipped Angle Section)
Length e r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.000
1.391" 1.000 0.876 0.754 0.633 0.516 0.401 0.289 0.181 0.076
159.2" 2.781" 1.000 0.876 0.755 0.638 0.525 0.417 0.315 0.219 0.130
4.172" 1.000 0.876 0.756 0.641 0.531 0.428 0.332 0.244 0.169
CT1
1.391" 1.000 0.876 0.755 0.636 0.520 0.408 0.298 0.192 0.090
265.3" 2.781" 1.000 0.877 0.758 0.643 0.533 0.430 0.332 0.239 0.152
4.172" 1.000 0.877 0.759 0.647 0.542 0.444 0.354 0.269 0.191















Area 10519 in. 2
Moment of Inertia Ix 0.163 in.
4
Moment of Inertia I 3.012 in. 4y
Sto Venant torso consto J: 00028 in. 4
Warping constant C 0.241 in. 6w
TABLE III-F: Torsional-Flexural Buckling Load by Series Solution
and by the Code Formula with their Comparison
(example for Single Symetric I-Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
PT 34.151 35.057 35.993 36.957 37.949 38.965 40.004 41.060 42.130
0.651" Pc 32.321 33.098 33.915 34.775 35.680 36.636 37.646 38.715 39.849
PT-PC 5.4% 5.6% 5.8% 5.9% 6.0% 6.0% 5.9% 5.7% 5.4%PT
PT 28.059 29.396 30.831 32.370 34.014 35.762 37.607 39.536 41.524
29.5" 1.302" Pc 26.199 27.227 28.341 29.552 30.873 32.321 33.915 35.680 37.646
PT-PC 6.6% 7.4% 8.1% 8.7% 9.2% 9.6% 9.8% 9.8% 9.3%PT
PT 23.641 25.130 26.779 28.603 30.618 32.832 35.246 37.843 40.578
1.952" Pc 22.050 23.148 24.363 25.714 27.227 28.933 30.873 33.098 35.680
PT-PC 6.7% 7.9% 9.0% 10.1% 11.1% 11.9% 12.4% 12.5% 12.1%PT
PT: Torsional-flexural buckling load by series solution (three terms are used).
PC: Torsional-flexural buckling load by AISI Code formula, taking CTF = 0.6 + 0.4 Ml/MO'
TABLE III-F, cont.
Length -e r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.000
PT 16.001 16.231 16.460 16.688 16.913 17.135 17.353 17.565 17.771
0.651" Pc 14.850 15.099 15.356 15.622 15.898 16.185 16.482 16.792 17.113
PT-Pc 7.2% 7.0% 6.7% 6.4% 6.0% 5.5% 5.0% 4.4% 3.7%PT
PT 14.213 14.644 15.083 15.529 15.977 16.424 16.864 17.290 17.695
29.5" 1.302" Pc 12.762 13.130 13.521 13.936 14.378 14.850 15.356 15.898 16.482
PT-Pc 10.2% 10.3% 10.4% 10.3% 10.0% 9.6% 8.9% 8.0% 6.9%PT
PT 12.632 13.194 13.786 14.403 15.041 15.691 16.341 16.975 17.572
1.952" Pc 11.200 11.626 12.087 12.586 13.130 13.725 14.378 15.099 15.898
PT-Pc 11.3% 11.9% 12.3% 12.6% 12.7% 12.5% 12.0% 11.1% 9.5%PT
TABLE IV-F: Comparison of PT with PTFO and PTF
(Example for Single Symetric I-Section)
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
ex 0.807 0.828 0.850 0.873 0.896 0.920 0.945 0.970 0.995
0.651" a 1.000 1.027 1.054 1.083 1.111 1.141 1.171 1.202 1.234
ex 0.663 0.694 0.728 0.765 0.803 0.845 0.888 0.934 0.981
29.5" 1.302" a 1.000 1.048 1.099 1.154 1.212 1.274 1.340 1.409 1. 480
ex 0.558 0.594 0.632 0.676 0.723 0.775 0.832 0.894 0.958
1.952" a 1.000 1.063 1.133 1.210 1.295 1.389 1.491 1.601 1.716
ex 0.899 0.912 0.925 0.938 0.950 0.963 0.975 0.987 0.999
0.651" 6 1.000 1.014 1.029 1.043 1.057 1.071 1.084 1.098 1.111
ex 0.789 0.823 0.848 0.873 0.898 0.923 0.948 0.972 0.994
49.2 11 1.302 11 6 1.000 1.030 1.061 1.093 1.124 1.156 1.186 1.216 1.245
ex 0.710 0.741 0.775 0.809 0.845 0.882 0.918 0.954 0.987
1.952 1i 8 1. 000 1.045 1.091 1.140 1.191 1.242 1. 294 1.344 1.391
ex = PT/PTFO where PT = Torsional-flexural buckling load for unequal end eccentricities.
PTF = Torsional-flexural buckling load for equal end eccentricities.
a = PT/PTF PTFO = Concentric torsional-flexural buckling load.
TABLE V-F: Ratio of Equivalent (equal) End Eccentricities to e •
0
(Example for Single Symmetric I-Section).
Length eo r 1.00 0.75 0.50 0.25 0.00 -0.25 -0.50 -0.75 -1.00
0.651" 1.000 0.875 0.751 0.628 0.505 0.383 0.262 0.142 0.023
29.5" 1.302" 1.000 0.876 0.752 0.630 0.510 0.391 0.274 0.158 0.045
1.952" 1.000 0.876 0.753 0.632 0.513 0.397 0.283 0.173 0.066
CTI
0.651 11 1.000 0.875 0.751 0.627 0.503 0.380 0.258 0.136 0.015
49.2" 1.302" 1.000 0.875 0.751 0.628 0.506 0.385 0.265 0.147 0.030
1.952" 1.000 0.875 01752 0.630 0.509 0.389 0.272 0.157 0.044
CT1 : Equivalent-equal end eccentricity factor, obtained by sUbstituting P into exactformula for PTF • T .
TABLE VI. Summary Table:
Differences between code formula using CTF and series solution




e =-0.5 x e =- Xo e =-1.5 xo 0 0 o 0
r=+l r=-l r=+l r=-l r=+l r=-l
-r~t-_X 90 8.7\ 13.2\ 8.4% 18.2% 7.5% 16.7%*
150 11.7% 13.7\ 11.4\ 18.5% 10.2\ 15.8%*
-ct-_ x 90 10.0\ 12.7\ 9.4% 15.0\ 8.3% 10.8%*150 17.2% 16.1% 16.2% 18.3\ 1405\ 11.6\*
Xc>
y
90 6.5% 9.9\ 6.2% 10.2\ 5.5% 4.5\*
,... --t:l::: '
-or ..----
150 12.2\ 11.2% 11.6% 10.8\ 10.4% 1.5%*~J
30 16.4\ 0.8% 14.9% -5.7\ 13.1% -12.2%
If-x- -~
- - - - - - -x·t
I 90 13.7% 15.2% 12.8% 18.1% 11.3% 14.3%*~Ti x- - ------.I
I 150 23.6% 22.5% 21.8% 25.1% 19.5\ 19.0%*~y
I 90 5.4% 5.4% 6.6% 9.3\ 6.7% 12.1\
__~_~x
)(~- 150 7.2% 3.7\ 10.2\ 6.9\ 11.3% 9.5\
r;
* These cases are computed taking several series terms until
convergence. (Others are computed-taking three terms).
TABLE VII Summary Table~
Ratio of PT at r=-lo00 (ioeo torsional flexural buckling load for
et~eo) to PTF (ioeo torsional buckling load for e l =eo )
L/r
x e =-005 Xo e =- x e =-105 x0 o 0 0 0
li-~' 90 10621 20119 20487150 1.565 20014 20343)(. -1. 1
rt- 90 1.618 20045 20329
2 _. t-. >~
150 1.531 10894 20133
)(0
.y
~ 90 1.617 20014 20269
,C rt-' .. x.- . -.
150 10536 1.865 20074
"><0
;)'
30 10340 1.529 1.654s~ ..,x-'-' ,
- - - -
or;
_._5~~ 90 1.599 2.016 20295.x
150 1.511 10868 20107
I 90 1.234 1.480 1.716-+tt-+-~ 150 10111 10245 1.391Xoty
TABLE VIlla Section Properties of the Examples
A B C
I I I .i.
r ! +t r- I T I
ct- _--t--_. ____ x a-r-'i-_ x a-I--ot- '-)(.
1 I c ! l. II ...t .:L1 1y .. !y cV I
_b--. ~_ b -. .-b-j
a 30865 ino 30865 ino 30865 ino
b 30865 ina 30932 ino 30865 ino




00135 ino 00135 ino 00135 ino.JJ t
H
QJ
Po Xo -40029 ino -30008 in. -3.468 in.0 2 2 2H Area 10909 ino 10584 ino 10909 in.Il.
s:: I 50170 ino 4 40615 ino 4 60860 in. 4I0 x 4 I 4 4..... I 40469 ina I 20121 ino 40469 ino+J
0 Y 4 4 4Q) J 00012 ino 00096 in. 00012 ino(/)
6 6 6C 210153 ino 70268 ino 80515 in.
w
t 148.1 ino 15306 in. 17006 in.
PTFO 180224 kips 120419 kips 100862 kips0
en P
xe
680615 kips 560920 kips 680615 kips
C1.I it Pye 590302 kips 33.560 kips 44.695 kips.c:
.JJ ><
bO H Mer+ 530272 in-kips 250980 in-kips 250656 in-kipss:: .....
Q) ~ M -6370327 in-kips -4400892 in-kips -5870554 in-kipsH cr-
.JJ
(/)
bO t 24609 in 25601 ina 28404 ino
s:: kips kips kips..... 0 PTFO 80752 70577 70207r-i 11)
~ r-i P
xe
24.701 kips 200491 kips 24.701 kips0
::s ..
CQ Pye 21.349 kips 12.082 kips 160090 kips><H Mer+ 270458 in-kips 17.651 in-kips 180482 in-kips.....~ H
cr
_
-2370716 in-kips -167 0019 in-kips -220.766 in-kips
TABLE VIII - continuatiort
D E F
at a/» f-- 0_r-- I




. ~, , I1 :.t -1t 1'V't.
L~)' y
a 10942 ino 30865 ino 30865 ina
b =
- b 1 = 2b346 ino
U) c 10932 ino b 2 = 10173 inoQ) -or!
+J t 00135 ino 00135 ino 00135 ino~
Q)
Pc
0 X ... 00687 ina ~20781 ina -10301 ino~ 0 2 2 2p.. Area 0.524 ino 10568 ino !.,519 in"
c:: 4 4 40 Ix Oo3~0 ino 40907 ino 00163 inoOM
+J I 00082 ino 4 20203 ino 4 30012 ino 40
Q) y 4 4 4C/) J 000032 ina 000095 ino 00028 ino
C 0.0 ino 6 70151 ino 6 0.241 in. 6
w
I. 2308 in. 15902 ino 2905 ino
PTFO 27.45 kips




169067 kips 00 56.362 kips 54.586 kips
81
U) Pye 42042 kips




"" Mer+ 13009 in-kips ~ 260373 in-kips 910844 in-kipsc:: ~
Q) M -479019 in-kips -4110687 in-kips -2420591 in-kipsM cr-
+J
C/)
bO .. 4706 in 265.3 ino 4902 ino
c:: 0
0"" 0 PTFO 2103'0 kips




42042 kips 10 200290 kips 190651 kips0 II
~
c:a X P 10060 kips x 90112 kips 362015 kipsM ye M
...... ......




-128071 in-kips -1560834 in-kips -1150137 in-kips
TABLE IX The values of CTI by Eqs. 11 and 31 for Hat Sections
listed in Ref. 3.
C'TI by Eq. 11 I C'TI by Eq. 31
L/r L/r
xGage x ,
o x B No. 30 60 90 120 150 i 30 60 90 120 150
10x15 10 0.081* 0.084 0.090 0.097 0.106 0.085 0.090 0.096 0.105 0.115
12 0.079* 0.082 0.085 0.089 0.095 0.085 0.087 0.091 0.096 0.103
10xl0 12 0.084* 0.086 0.090 0.095 0.101 0.087 0.089 0.093 0.099 0.106
14 0.083* 0.084 0.086 0.089 0.092 0.086 0.087 0.089 0.092 0.095
10x5 14 0.088* 0.089 0.091 0.094 0.098 0.089 0.091 0.093 0.096 0.101
I
8x12 10 0.082* 0.088 0.097 0.108 0.120 I 0.087 0.093 0.104 0.117 0.133
12 0.080* 0.084 0.089 0.096 0.104 I 0.085 0.089 0.095 0.104 0.114
8x8 12 0.085* 0.089 0.095 0.103 0.112 I 0.087 0.092 0.098 0.107 0.118
14 0.084* 0.085 0.088 0.092 0.097 0.086 0.088 0.091 0.096 0.101
8x4 14 0.088* 0.090 0.094 0.099 0.105 0.090 0.092 0.096 0.101 0.108
16 0.088* 0.089 0.091 0.094 0.095 0.089 0.091 0.093 0.096 0.101
6x9 10 I 0.085* 0.096 0.112 0.130 0.148 0.089 0.102 0.121 0.144 0.168
12 0.082* 0.086 0.098 0.110 0.124 0.087 0.094 0.106 0.120 0.137
6x6 12 0.087 0.094 0.105 0.119 0.133 0.089 0.097 0.110 0.125 0.143
14 0.085* 0.088 0.093 0.100 0.109 0.087 0.091 0.097 0.105 0.114
*Yielding load is less than torsional flexural buckling load.
TABLE IX continuation
I C' T1 by Eq. 11 I CI T1 by Eq. 31
I jL/rx I L/rx
D x B Gage I 30 60 90 120 150 t 30 60 90 120 150No. I
6x3 14 1 0.089 0.093 0.100 0.108 0.116 IG.Ogo 0.095 0.102 0.111 0.122
16 i 0.088 0.091 0.095 0.101 0.107 0.090 0.093 0.097 0.103 0.110
18 I 0 088* I0.091 0.092 0.096 0.100 I 0.089 0.091 0.094 0.095 0.102I . I!
\
4x6 10 I 0.092 0.119 0.151 0.180 0.199 0.097 0.128 0.170 0.212 0.242
12 I 0.087 0.103 0.125 0.148 0.169 0.091 0.110 0.136 0.167 0.196
4x4 12 I0.091 0.108 0.131 0.155 0.174 0.093 0.113 0.140 0.170 0.197
14 ! 0.087 0.096 0.108 0.123 0.139 I 0.090 0.099 0.113 0.131 0.150
4x2 14 0.089 0.097 0.110 0.125 0.140 I 0.090 0.099 0.113 0.131 0.149
16 0.089 0.095 0.104 0.115 0.128 I0.090 0.097 0.107 0.120 0.134
18 0.089 0.093 0.099 0.107 0.116 0.090 0.094 0.101 0.110 0.120
3x4 1/2 10 i 0.101 0.146 0.189 0.213 0.217 0.107 0.163 0.225 0.266 0.274
12 0.093 0.122 0.157 0.186 0.204 0.098 0.132 0.178 0.221 0.251
3x3 12 0.094 0.121 0.153 0.177 0.189 0.097 0.129 0.169 0.204 0.224
14 0.090 0.106 0.127 0.149 0.169 I 0.092 0.110 0.135 0.163 0.189
3x1/2 14 0.085* 0.097 0.113 0.129 0.142 Io. 087 0.100 0.118 0.137 0.085
16 0.088 0.097 0.111 0.126 0.141 I 0.089 0.099 0.114 0.132 0.151
18 0.089 0.095 0.105 0.118 0.131 i 0.097 0.108 0.122 0.138i 0.090
* Yielding load is less than torsional flexural buckling load.
TABLE IX continuation







D x B 30 60 90 120 150 I 30 60No. j 90 120 150
2x4 12 0.107 0.165 0.216 0.241 0.195 0.279 0.328 0.3250.241* 0.116
14 0.091 0.121 0.158 0.190 0.211 0.098 0.136 0.187 0.237 0.274
2x2 14 0.095 0.126 0.159 0.181 0.190 0.098 0.134 0.177 0.211 0.225
16 0.092 0.114 0.142 0.167 0.185 0.095 0.120 0.154 0.187 0.213
2x1 16 0.080* 0.092 0.108 0.121 0.129 I0.082 0.095 0.113 0.129 0.139
18 0.085* 0.095 0.110 0.126 0.139 0.086 0.098 0.115 0.133 0.150
1~JC3 12 i 0.126 0.208 0.252* 0.251* 0.221* 0.143 0.270 0.358 0.349 0.254
14 0.103 0.156 0.206 0.233 0.239* 0.113 0.183 0.261 0.312 0.319
l~xl~ 14 0.096* 0.136 0.166 0.174 0.162 0.102 0.151 0.194 0.206 0.180
16 0.095 0.128 0.161 0.182 0.186 0.099 0.137 0.181 0.213 0.221
1~x3/4 16 0.070* 0.082 0.093 0.094 0.094 I0.072 0.086 0.097 0.098 0.092
18 0.077* 0.089 0.103 0.114 0.120 0.079 0.092 0.108 0.121 0.126I
* Yielding load is less than torsional flexural buckling load.
TABLE X. Average Value of the Ratio C'TI/T
For the Following Sections listed in Ref. 3.
Type 1<:=0.5 1<:=1. 0 1<:=1.5
Hat Sections 0.188 0.322 0.411
Lipped Channels 0.153 0.273 0.358
Channels 0.170 0.278 0.346
Lipped Angles 0.201 0.301 0.354
In Eq. 38 0.200 0.300 0.400
I. ()
tJ. '2.











Figure I-A: Comparison of CTI and eTF
(Example for Lipped Channel Section*)
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Figure I-B: Comparison of CTl and CTF
(Example for Channel Section*)





for eD = -1.5XD ::: 5'.203"










Figure I-C: Comparison of CT1 and CTF
(Example for Hat Section*)
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Figure I-D: Comparison of CTI and CTF
(Example for Angle Section*)
* Section properties are given on Table II-D. Length = 96.6" corresponding













~ ~~ "J:'. If
..........-~ ...............~"' CTI lor eo -=-.,.5 Xo :::. 4-./72 ~ o.. so









Figure I-E: Comparison of CTI and CTF
(Example for Lipped Angle Section*)
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Figure I-F: Comparison of CTI and CTF
(Example for Singly Symmetric I-Section*)
* Section properties are given on Table II-F. Length = 29.5" corresponding
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Figure II-A: Comnarison of various approximations for CT1
(Example for Lipped Channel Section~)
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Figure III. CT1 versus T for three hat sections
in Ref. 3 for K = 1.
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Figure IV-A: P/PTFO versus eo/s when r ~ -1, i.e. e l =
(Example for Lipped Channel Sectionn)
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Figure IV-C: P/PTFO versus eols when r = -1, i.e. e 1 =
(Example for Hat Section*)
-eo
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Figure IV-D: P/PTFO versus eols when r = -1,
(Example for Angle Section*)
i.e. e l = -eo
* Section properties are given on Table II-D.
